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ABSTRACT 

This paper examines the cognitive processes 
associated with higher-order thinking strategies — i.e., cognitive 
processes directly associated with the employment of knowledge in the 
service of problem solving and creativity — in order to more clearly 
define a prescribed instructional method to improve problem- solving 
skills. The first section of the paper presents an overview of a 
learning and cognition model for the purposes of illustrating the 
relationship between t-he proposed instructional method and 
higher-order thinking strategies, and discusses a number of specific 
basic components of the cognitive system model, e.g., perception, 
short-term and working memory, and long-term memory, in addition, the 
following related concepts are explored: (1) cognitive complexity; 
(2) criteria; (3) intelligence; (4) conditions in the development of 
thinking strategies; (5) recall; (6) problem-solving; and (7) 
creativity. The second part of the paper establishes an interest in 
complex problem simulations that can help students improve their 
cognitive complexity in problem solving. As an example of this, it is 
noted that the Minnesota Adaptive Instructional System (MAIS) offers 
a system that integrates higher-order thinking strategies and 
knowledge acquisition. Also described here is the design strategy of 
cc^plex problem simulations r the components of which include 
necessary knowledge, simulation, and learning environment. The third 
section briefly describes some software examples of this 
instructional method. (30 references) (C6D) 
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Oognltlve Science and Instructicnal Technology: 
Tjapaxrveaents in Higher-QnSeL* Ihinking strategies 

A recent national report cn education ccncluded that society's future 
depends on a citizenry that can "think and reason creatively and deliberately; 
develop sound judgments of infomation (and) understand and contend effectively 
with re^id and constant change. . . " (National Ocmalsslon, 1983) . Lilcewise, a 
nationed teacher education task foroe urged the developnent of a curriculum 
"that eaoiphasizes higher-order thinking strategies" (National Task Jtoroe, 
1986) . In other words, the purpose of education should iiwlude not only the 
acquisition of kncwledge, but also the development and i a pro v an e nt of hi^ier- 
order cognitive processes. Uhfortunately, the achievement of these learning 
goals still elude ed u ca to rs even after decades of concsem because of the 
serious lack of basic research on Instructioned strategies that can eonpirlcally 
demonstrate the improved learning of higher-order thinking strategies. 

Hcwever, in the last decade developments in cognitive science have forged 
interdisciplinary e^sproaches to laarning and thinking such that we new seem to 
understand more abcut hew and «diy people both acquire knowledge and employ it 
in the service of problen solving (Gagne & Glaser, 1987) . Ihese advancements, 
in vihat can be called cognitive learning theories (Tennysan & Christensen, 
1988) , offer a means to not only nore fully understand leandng and thirddng 
processes but they also provide the means necessary for prescribing 
instructional strategies that can predictably isprove these cognitive processes 
(Wertheiner, 1985). 

Hi^ier-order thinking Involves cognitive processes directly associated 
with the enplq..Tient of knowledge in the service of problem solving and 
creativity (Gagne, 1985) . Basically, these processes enable the individual to 
"restructure" their knowledge ty (a) analyzing a given situation, (b) working 
cut a CQnoeptuallzation of the situation, (c) defining specific goals for 
coping with the situation, and (d) establishing a possible solirt:lan (Breuer & 
Hijovy, 1987). 

OoBPlex prcblem siimilatlons . The purpose of this paper is to present an 
instructional method that has been enpirlcally shown to significantly isprove 
higher-order thinking strategies (i.e., problem solving) . The method anplqys 
ccnputer-roanaged simulations that present contextually meaningful probleia 
situations that require students to prepare solution proposals. 'Ihe simulation 
assesses the proposal and offers the students the consequences of their 
decisions vAiile also iterativsly \:{)datlng the situational condif ons. Htds 
type of sinulation, unlike conventional simulations vAiich are used for the 
acquisition of knowledge, presents dynamic problems, requiring the students to 
fully enploy their knowledge base by gaierating solutions to donain-speclf ic 
problems (Bransford & Stein, 1984) . 

In this ]papec I will first elaborate on the cognitj.ve processes associated 
with higher-order thinking strategies so as to mare clearly define the 
prescribed instructional method to ixnprove problem solving. Following that 



595 



Cognitive 



presentatican, I will describe the instructicml strategy arA, finally, present 
software examples of the method. 

Learning and CJogniticn 

An laportant ocntrlbuticn of cognitive psychology In the past decade has 
been the developonert of theories and models to e)q)lain the processes of 
learning and cognition (Streufert, Streufert, & Denscn, 1985) . Sie value of 
these theories is that they offer operational definitions of not only how 
learning occurs but \Aiy it occurs. The v4iy ej^Jlanation provides more direct 
means for understanding how instructional strategies nay acocnplish predictable 
iinprovenents In both learning aiid thinking. 

Cognitive Model 

In this section I present an overview of a learning and cognition model 
to illustrate the relationah^ between the proposed instructional method and 
hic^ier-order thinking strategies (TeraiyBon & Oiristensen, 1988) . Figure 1 
shews that the acquisition of knowledge ccnes frcn both external and internal 
sources. Ohis is an liqportant ocnoept to the Instructional issue of developing 
and Ijnpxving highexMXEder thinking strategies because most cognitive theories 
assume these processes to be controlled by internal co^iitive systene. That 
is, to operationally account for them, it is necessary to consider 
Instructional strategies Uiat include direct reference to Internal cognitive 
systotis as well as ones that alwe^ rely on learning aa ocaaTlng traa 
external sources only (Anderson, 1980, 1982) . Ohe basic OGC{xnents of our 
cognitive system model include the following: sensory reoQstors (i.e., eyes, 
ears, touch, etc. ) , perception, short-tenn and worklng-meooaory, and long-^»nn 
memory (storage and retrieval) . 



Insert Figure i about here 



Peroeutlan. mfomation coning frcn either external or in^ >med sources 
passes thrcu^ the perception oonponent \Aiich performs the function of being 
aware of and assessing the potential value of the information for purposes of 
attention and ef f cd± in costive processing (Ooemer, 1983) . 

Short-ter m and worklncr memory , ihe next conponent consists of two forms 
of memory that only deal with immediate cognitive processes: short-term memory 
and working memory. Short-term memory is defined as having a limited capacity 
in vftiich information is malntedned only for the monent at hand (actually only 
a few seconds at m a x i m u m ) . Working memory on the other hand involves conscious 
effort or metacognitive awareness of the encoding process between itself and 
long-term menory (Brcwn, Ambruster, & Baker, 1984) . 

Long- term memorv . Ihe acquisition of information (learning) and the 
means to eaaplpy it (thinking) occurs within the storage and retrieval sub- 
eyBtans of the long-term memory conponent. The storage system is vdiere new 
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infarmatlon is learned and assimilated into the existing }<ncwledge base. A 
kncK/ledge base can be described as an associative netuork of ccsnoepts (or 
schanas) varying per individual aooording to amount, orgsoiizatiGn, and 
accessibility of its infonnaticn (Rabinowitz & Glaser, 1985) . 

Ihe retrieval systoa involves the twofold cognitive process of selecting 
and organizing knjtfledge for purposes associated with a given situation. That 
is, the fomsr process differentiates knovledge in nanory based xxpan criteria 
for selecticn, vAiile khe latter process integrates the knowledge for serving 
the given need (Schroder & Suedfeld, 1971) . It is in the zetrieval sfystem 
that we are most ocnoemed wit^ when ccnsidering instructional strategies to 
inprove hi^ier-ozder thinking processes. In Figure 2, we illustrate the 
distinctions between the two sub-systeoos of Icng-^tena nanory. 



Insert Figure 2 abcut here 



Within the storage systan of manory there are various forms of knowledge: 
declarative, procedural, and contesctual (Shiffirin & Dumais, 1981) . Each form 
represents a different memory system or function. Declarative knowledge 
iiqplies an understanding and awareness of infonnaticn and refers to the 
"kncwing that," for example, that underlining keywoKJs in a text will help 
recall. Proc e d ur al kncwledge iiiplies a "knowing how" to eiploy conoepte, 
rules, and principles in the service of given situations. Contextual knowledge 
isplies an understanding of idien and vftiy to select specific concepts, rules, 
principles tjxm the knowledge base. Ihe selection process is governed by 
criteria (e.g. , values and situational appropriateness) . Whereas both 
declarative and procedural knowledge form the amount of infomation in a 
knn/ledge base, contextual knowledge forms its organization and accessibility. 

Ihe retrieval system of mesnory enplcys the knowledge base for the 
thinking strategies associated with recall, prcblen solving, and creativity 
(see Figure 2) . Recall sisply inplies the automatic selecting of knowludge 
directly as stored in manory. Problan solving Involves more ocmplex thiriking 
strategies that require both the cognitive ixrocesses of differentiation and 
integration (restructlng) of information fron the knowledge base. Creativity 
is the highest opder of thinking because it implies the creating of knowledge 
as well as the eoployment of the cogni.tive processes of differentiation and 
integration. 

Oocmitive caomplexlty 

Higher^-order thinking involves three cognitive processes: differentiation, 
integration, and creation of knowledge. Ihe first two processes occur 
primarily in the retrieval system of manory while the third further involves 
the other ocnponents of the aitire cognitive systaa (see Figure 1) . 

Ihe cperationed term for the retrieval systan functions of differentiacion 
and integration is cognitive oatiplexity (Schroder, 1971) . Cognitive 
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ocnplexity, as cscntxasted to intelllgenoe (vftiich aeeas to be mare of a trait 
ooc^tive oonditicn) , is an ability that can be developed and inpxtved with 
direct instructional intervention. Differentiation is defined as a twofold 
cognitive process as follows: (a) the ability to ijnderstand a given situation; 
and (b) the ability to sppLy spprapriate criteria by vftiich to select necessary 
knowledge ftcn storage. Integration is the process of forming new sche9na(s) 
tvaa selected knowledge. Creativil^ is the process to form new knowledge by 
eooploying the total cognitive system. 

Criteria . An inixsrtant a^ect of the differentiation process is the 
oonoept of criteria. Criteria are the standards or values fay vAiich a judgment 
or decision of selection may be based. Criteria are an integral attribute of 
contextual kncwledgfe (Paris, Cross, & Lipson, 1984) . However, in higher-order 
thinking situations, criteria may have to be developed witliin the context of 
the integration and creation processes. Because many higher-order thinking 
situations do not necessarily eodiibit right or wrong criteria for knowledge 
differentiation, values in terms of functional or looral reasoning need to be 
an integral part of such problem solving and creative situations. 

Within the context of co nta up o rary research in cognitive oonplexity, 
Kahlberg's (1981) theory of moral reasoning has been used to e}q>lain 
situational decision meddng (Stroufert & Swezey, 1986) . Kohlberg ocoisiders 
mcnral reasoning as an ability that can be developed and, as Hunt (1975) points 
out, should be learned concurrently with the acquisition of contextual 
knowledge. For my purposes here, we need to consider only Kahlberg's 
conventional and postconventional levels. Basically, the conventional level 
involves values associated with the general society, either in terms of 
culture and custcns or laws and rules. Ihe postconventional level focuses on 
individuals developing their own values in terms of ethical principles they 
choose to follow (Note, stage 5, are standards usuedly agreed upon by society, 
vftille Stage 6, are self-chosen standards) . 

Intelllgenoe 

I have defined cognitive ca plexity as an ability that can be improved 
and, as such, is ncrt necessarily correlated to intelllgenoe (Simon, 1980) . 
However, in a schooling environment, intelligence needs to be considered along 
with cognitive ccnplexily so as to insure that the students are developing 
their full potendjd in all possible areas of knowledge (flavell, 1977) . ihat 
is, the more fully developed the knowledge base in monory, the greater the 
opportunities for differentiation and integration, and, possibly, creation of 
knowledge. Although the deiaate cn theories of iirtelllgenoe is beyond the 
scope of this article, I take a pragmatic view that there are a nunber of 
definable kinds of intelllgenoe. 

HhB oontenporary work of Gardner (1984) i^xSates the notion of multiple 
Intelllgenoes fay identifying seven largely autonomous kinds of human 
intelligences. Each tends to have its own original location in the brain, 
each arises on its am schedule in the normal development of the brain and 
each functions uniquely. Gardner's seven intelllgenoes are linguistic. 
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musical, Icjgicaa-mathamatioal, spatial, bodily-kinesthetic, perception of 
self, and sense of others. The first four form the intelligences vAiich are 
most associa t ed with cognitive processing, but the latter two are iiportant for 
developnent of criterial values integral to differentiation. 

Bie cognitive processes of differentiation, integration, anfi creation of 
Icncwledge are abilities that can be inproved by effective instructional 
strategies. Intelligence, on the other hand, seems net to be directly 
influenced by instructional conditions: however, in curriculum plannii^, 
education should be concerned with the enhancement of all kinto of 
intelligences vAiile prcacrlbing instrvaction that laproves both the accyaisition 
of knowledge and the develcpnent of thinking strategies In prdalem solving and 
creativity. 

Nesct I sunnarize hew the cognitive ccoplcxi^ processes of differentiation 
and integration farm conditions for thinkLig straterries. Within this sunmary, 
I will indicate hew criteria and intelligence interact with the various 
conditions. 

Qjnditions in the DBVBl caner± of Thirikiner Strategies 

IMnking strategies riqaresent a continum of conditions rangiiig txxn a low- 
order of axztcnatic recall of existing knowledge to a high-order of creative 
thought (see Figure 2) . In Table 1, I sunnaLize the three ccnditions 
associated with thinking strategies (i.e., recall, problem solving, and 
creativity) by their respective enployment of the cognitive processes of 
differentiation, integration, and creation of knowledge, 'ihe cjonditions are 
further categorized by identi fying situational characteristics and their 
re&pectlve criteria. 



insert Table 1 about here 



RpcaQ,!. Ihe first thinking strategy, recall, represents the retrieval of 
knowledge tran memory as it exists. This first condition is the most basic and 
autcnatlc form of knowledge enployment for the purpose of serving previously 
encountered situations, situations represent problems that were either 
learned concurrently with the information or gained later through e3q)erienoe. 

Recall strategies involve an autanatlc differentiation of knowlege from 
the existing knowledge base. The criteria for differentiation is an integral 
part of the contextual knowledge. For example, \Aien a musician is asked to 
perform a familiar piece of music, the existing schema is retrieved frtan long- 
term maary and executed without modification. The cognitive process Involved 
is the differentiation of the expropriate schema traa othere organized in the 
kncwledge base. 

9i higher-order recall strategy is enployed vftien mora conplex situations in 
which new conditions that have not been previously encountered are part of the 
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Table 1 

Diiriking Strategies: Recall, Problem Solving, and CcBativity 



Situation 



Conditions 



Criteria 



Pecedl 



Previously 
encounter^ 



Differentiate trm 
existing sctonata 



Part of 
schemata 



Previously 

encounterecV 
ne^r conditions 



Differentiate and 
integrate frcoi 
e}dsting schemata 



Part of 
schemata 



Problem Solving 



Previously 
imenoountered 



Previously 
unenoounterrjd 



Differentiate and 
integrate to form 
new schema 

Create knowledge, 
differentiate, and 
integrate to f ocm 
new schenia 



Part of 
schemata 



Develop 
net/ 

criteria 



Creativity 



Create 



Create 



Differentiate and 
integrate to f ona 
new scheua 

Create knowledge, 
differentiate, and 
integrate to form 
nev schema 



Part of 
sdiemata 



Develop 
new 

criteria 
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pxxtolm. This cognitive process is still autonatic for differentiation but 
given the nev conditions, integration of knowledge frcn existing schemata must 
be done. This is the condition of cognitive processing that most experts 
operate at because of the so[iiistication of their knowledge base gained from 
e}$)erienoes. ^gain, the critei'ia for differentiation is part of the existing 
contextual knowledge. 

For exanple, vftien a nusician is asked to perform a familiar piece of music 
under altered conditions (e.g. , in & r j/ key or a new arrangement) 
differentiation is not the only cognitive process needed. While the schema 
for the nusic is retrieved, the nusician oust also retrieve existing schema 
that deal with the new conditions (e.g. , how to tran^nse frcn one key to 
ancither) . Ihe integration of all e^'.^iate schemata is rec^iired to succeed 
at tiiB task. 

Problem solvlncf. ihiB condition is primarily associated witli situations 
dealing witii previously unenoountered problems. That is, the term problem 
solving is most often defined for situations that require eaoploying knowledge 
in the service of prsblens not already in storage, m these types of 
situations, the thinking strategies require the integration of knowledge to 
form new sohona. 

A first condition of problem solving involves the differentiation pr-xjess 
of selecting knowledge that 1? currently in storage using known criteria. 
Ooncurrently, the selectea knowledge is integrated to form a new schema. 
Cognitive oonplexil^ within this condition focuses on elaborating the existing 
knowledge base. For exanple, \iben learning an entirely new piece of music, a 
musician most create a new schema for the music in the retrieval ^stem of 
long-'term memozy. Unia is aoocnpliahed by differentiating the known elements 
of all nusic that exist in the piece, and integrating then with new connections 
into a representation of the unfamiliar nusic. The new schema then beocmes 
part of the knowledge base. 

In contrast to the above problem situation, are those In \Adch the current 
knowledge base is insufficient, requiring therefore tlie creation of knowledge 
by eioaploying the entire cognitive system (see Figure 1) . !Ihat is, given that 
the necessary knowledge to solve the problem is not In memory, new knowledge 
must be created by: (a) the internal processes of extending, elaborating, 
transferring, and forming new linkages; (b) external process of aogulring 
infocmation; or (c) a ocsibir>ation of the twc Concurrently, new criteria for 
the differentiation process must be developed. Obviously, with this condition, 
Kohlberg's first postoonventional level would be most preferred for criteria 
developoaent beca u se of the concern for values with a social contract 
orientation. It is zdso at this stage that the Gardner's kinds of 
intelligences become Important factors in solving the problem. Qius, the 
so|ihistication of a prcpoeed solution is a factor of the person's knowledge 
base, level of cognitive oonplexity, higher-order thinking strategies, and 
intelligenoe. 
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For esceDODple, If a highly tndned ca.8.<^3lcal nuslclan is a&v ^ perfoim 
jazz, It may require the cxeatlcn of new kncwledgra about jazz iu.. e. This 
nev kncwledge my be developed either by the Internal three^y lnterac±lon of 
the Buslclan's cognitive ccnplexlty, hlc^ier-oxder thinking strategies, and 
nusioal intelligence cr by ocBfcining the three with ex* emal informaticn 
acuroes (e.g. , an expert in jazz) . it will also regiiire the develcpnent of rxsM 
criteria for detemining the quality of the perfomanoe based cn criteria held 
by the jazz connunlty. 

Creativity . Ihe hlc^iest order of hunen cognitive processing is the 
creating of the problen situaticn. Ratiier than having the external enviromnent 
dictate the situaticn, the individual, internally, creates the need or 
problen. 

Within one ocndltlcn, the individual creates nev situations but only 
within his/her own current knowledge base. Differentiation is done vdthin the 
schenata and (xiteria available. Solution to the situation is done by 
integration of the selected knowledge in foming a new schema. 

For exaigple, ocnposers often have a recognizable style in their nuslc 
even though individual pieces are new and varied. That is, titilizlng the 
existing kncwledge base they create new nuslc judging its quality against 
existing criteria. 

The highest oognltive condition exists vftien the individual creates not 
only the situation, but also the new knowledge and criteria necessary for 
solution. Creating knowledge involves the entire cognitive pystem. Thus, in 
contrast to recall thinking strategies , \diich are characterized as the 
autonatlc functioning of the cognitive processes, creativity seens to involve 
both the conscientiaus deliberations of differentiation and integration and 
the spontaneous integratlcns that operate at a meta-co^iltion level of 
awareness. 

For exanple, by developing or acquiring new conpositional techniques, a 
oonposer nay make an innovative change in style. Ihat change may further 
require the develcpnent of new criteria corresponding to the new style. 
Differentiation and integration using the new criteria allows for the creation 
of new knowledge. 

m the next section Iwill present an instructional strategy that has been 
enpirically tested to develup and ijooprove hi^ier-order thinking processes 
(especially the cognitive processes of differentiation and integration) . This 
vxsrk has been done within a progr a m of research associated vLtti the Minnesota 
Adaqptive mstructJonal SVstan (MAIS; Tennyson & Park, 1987) . 

Oonplex Prcblem Simulations 

Simulation in educational ocoputing is a widely eaonplpyed technique to 
teach certain types of oonplex tasks (Breuer & Haiovy, 1987) . The purpose for 
using simulations is to teach a task as a ccnplete vAiole instead of in 
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sucioesslve parts. For example, similatlGns are used in aviation training to 
replicate the ocnplex interiicticn of a nuniber of variables neecied to 
successfully pilot an airplane. Leaming the numerous variables simultaneously 
is necessary to fully understand £he vftiole concept of flying. I define these 
^^pes of siiulations as problem-oriented because the educationed objective is 
to learn the variables (i.e. , declarative and procedural knowledge) and their 
context (i.e., contextual knowledge). 

HcwBver, w concern in this paper is not with the acquisition of kncwlecage 
taut the egoDplciyment of knowledge in the service of problem solving. Ihus, I am 
most CGRCismsd with simolations that will help students isprove their cognitive 
conplexity in problem solving; that is, cognitive processes associated vdth 
the retrieval system of memory rather than the storage system (see Figure 2) . 
Whereas, problem-oriented 8is*:ilations may inprove the latter, oonplex problem 
similations focus on the iaprovement of the former. The assunption in ccnplex 
problem sisulations is that the student has acquired sufficient knowledge to 
proceed in the developonent of thinking strategies eianploying the cognitive 
processes of differentiation and integration (and, perhi^ in creating 
knowledge) . 

Because I am interested ftom an educational perspective in both the 
acquisition of knowledge and the inprovement of cognitive abilities for problem 
solving, i have e^firoached the design of an instructional strategy for 
enhancing hl^her^-order thinking strategies dsvelopnent fton a total curricular 
and instructional system (Seidel & Stolurcw, 1980) . That is, instead of 
viewing the leaming of higher^-oxder thinking strategies as being independent 
txxm other conditions of leaming, I hacve made it an integral ocnponent of the 
Minnesota Ada^ve mstnictional System (MAIS) . As with the other 
instructional variables and conditions of the MAIS, the ocnplex problem 
similation technique presented here can be e^lied in other instructional 
systems other than the MAIS. To illustrate the relation^iip of higher-order 
thinking strategies to knowledge acquisition, I will briefly review the MAIS. 

MAIS environment . TSae MAIS is basically a ccnputer-based research tool 
in vAiich we have investigated instructional variables associated with improving 
leaming according to individual differences and needs. As such, the 
instructioned variables are represented in adE^>tive instructional strategies 
that in turn are monitored for each student by a ^^lert tutor system using 
artificial intelligence techniques (Tennyson, 1987) . Figure 3 illustrates the 
nain conponents of the MAIS. 



Insert Figure 3 about here 



Briefly, ttie MAIS consists of two nain conponents: (a) a curriculum 
ouiponeiit (or Macro) , vhich maintedns a student model (i.e., the cognitive, 
affective, and memory models of each student) and a curricular level knowledge 
base. An expert tutor system manages the Macro to maintain the student model 
and to select the expropriate infomation to be learned; and (b) an 
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instructlonid ocnponent (or Micro) that adspta the Instxucticiial strategies 
accxardlng to iiamitH»-mcnent learning progress and need. 

Die Micro is likewise managed fay an e}9)ert tutor system that monitors each 
student's given learning need. Ihe instructional strategies for the Micro are 
ocBopiled based cn the data frcn the Macroe As the student progresses throu^ 
a c^ven curriculuui, the Macro data base is Iteratively tqpdated, ^ch ispxTves 
the refineaoDent of the expeivt tutor decision making within each oonpcnent. 

Ihe instructicnal strategies are oonpiled using GeKpie's (1985) three 
oondlticns of learning: verbal infomaticn, intellectual skills, and cognitive 
strategies. Ohe first two conditions represent the acguisition of knoi/ledge 
(i.e. , the storage system) vftille the tiiird is associated with the learning of 
higher-order thiilking strategies. Tennyson and Oiristensen (1988) present the 
Instructicnal methods for aoguisltion of intellectual skills (i.e., the 
learning of declarative, procedural, and contextual knot/ledge) , \Aiile in this 
Ipspev I present the instructional strategy for the cognitive strategies 
condition of learning. 

Simulation Design 

Ihe goal of our research in the area of higher-order thinking strategies 
is to investigate instructional variables that isprove student enployment of 
the oognltive processes of differentiation and integration. To aooonpllsh 
this goal, we have tested instructional methods that have the follobdng kinds 
of characteristics: 

HSltuaticns that themselves have a meaningful context (i.e. , not a game) 
that require the students to use their own knowledge base; 

-Ocnplex situations to challenge the differentiation process; 

-E>q»ses students to alternative solutions to improve their integration 
process; 

-Students see challenging alternatives within each student's own level of 
cognitive ccnplexlty; 

-Environmentally meaningful situations to develop values; 

HSltuaticns that use reflective evaluation rather than rlc^t or vnrancf 
emswers to develcp hlc^ijer^-order criteria; 

HSltuaticns that allcw students to see ccnsequenoes of their solutlcns 
and decislcns; 

HSltuaticns that allcw for predicting value of ft±ure states; 

-Situations that allcw for continuous develc^ment of hi^her^rder 
thinking strategies. 
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UhliJoe cxxiventlcnal cmpxter-based slmulatlcns, conoplex problem 
sisulatlcns do not neoessarily enpla^ the ccnputer as the instzuctloned 
delivery system. Ihe main purpose of the ocnputer in our design strategy is 
to manage (and, in the MAIS environnent, to monitor) the sinulation with the 
student doing most of the learning activities with resources other than the 
oon|3uter. Depending on the learning situation, the oonputer could certainly 
be used as a learning and instnx±ional resource. For exanple, in flight 
training, the flight sinulator oculd be used for the i ma Lo v tamj i A of trainee 
hic(her-arder thinking strategies following the design variables defined below. 
Most likely, this form of learning higher^scder thi^dng strategies as 
contrasted to aoguisltion of knowledge would be a more effective use of fli^t 
sinulatocB. 

The design conditions of ccnplex problem sisulations are grouped under 
three main ocnporents: n ecessar y knowledge, simulation, and learning 
environment. 

Necessary kncwledoe . An inportant aspect in developing and isprovlng 
higher-order thinking strategies is to make sure that the students hetve the 
n ecessary knowledge base to begin the ccnplex problem sinulation. Necessary 
knowledge includes the specific dcnain's declarative, procedural, and 
contextual knowledge. Ihat is, it is within the student's own knowledge base 
that the student will perform the cognitive processes of differentiation and 
integration, without the domain's necessary kiKwledge as prerequisite, the 
student will not be able to fully develop wd/cx improve their thirMng 
strategies because there is no knowledge to differentiate and integrate. For 
exanple, in a aystem like LOGO which does not have a Q)ecif Ically defined 
domain of knowledge, students always ocme with the same finite set of 
figures: usually coming fixm associated domains of knowledge. 

simulation . !Ihis design variable consists of two parts. The first 
establishes the problem situation vAiile the second is the ccnputer managemant 
system. Hie problem situation elhould include the characteristics listed 
above. In addition to those, the simulation should be longitudinal, allowing 
for increasing difficulty of the situation as well as providing the adding and 
dropping of variables and conditions. In more sophisticated simulations these 
alterations and changes should be done according to individual differencses. 
Also, the kinds of intelligences should be considered within the curriculum 
plans. 

The main functions of the conputer-based management part of the simulation 
are: (a) to present the initial conditions of the situation; (b) to assess the 
student's proposed solution; and (c) to establish the next Iteration of the 
conditions based on the cunulative efforts of the student. 

Tffflmlnrf f pyiJonmant . To further enhance the developnent and inproveroent 
of higher-order thihking strategies, I am proposing the enplqyment of 
cooperative learning methods. CXirrent research findings on cooperative 
learning indicate significant inprovement in the learning of information 
(I.e., storage system) when intra-grocp members help each other in goal 
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attzdimenb (fbr a cscnplete review see Jdmson & Johnson, 1987) . Our own most 
recent research (Breuer, 1985, 1987) shows cooperative leaxrdnj methods as 
inpxving problem solving strategies. 

The research findings indicate that intra-groip interactions in prcblem- 
solving situations contribute to cognitive ocn{>lexity developgient beoaripe the 
studenbs are oonfkanted with the different interpretations of the given 
siaulaticn ocnditions by the other gtxxp menbers. m this way new integrations 
betMBen existing ocnoepts within and between schenata can be established, 
alternative integrations to a given situation can be detected, and criteria 
for judging their validity can be developed. 

An diqportant issue in oocperative learning is the procedure vseA to grop 
students. Most often, when oocperative learning groi^ are used for knowledge 
acquisition, the students are organized according to heterogeneous variables, 
such as gender, sodo-eooncmlc, intelligence and achievement. However, our 
research siticwB that for developnent x>f thinking strategies, gcaap menterBhip 
should be on similarity of ability in costive ocnplexity. Ihat is, within 
groups, students should be con f ron te d with solution proposals that are neither 
too much above or below their own levels of ccnplexity. 

For exanple, students with low cognitive ccnplexity beccme fnistrated and 
confused with highly sophisticated solxitions, while students with high 
cognitive ccnplexity are not only not challenged but beocme quickly bored with 
less sophisticated solutions. 

Ihe fomat of the gnxp activity should enploy a oontroversy method vAiere 
a consensus is reached following a discussion of prcpoeeds independently 
developed and advocated by each member. This fooat is in contrast to the 
ocnplianoe method vAiere a consensus is reached by members working together 
from the start. 

Ihe oontroversy metiiod can be es^laii^ in the following steps: 

1. The problem situation is presented to the students. The oonpiter- 
based simulation prints cut the initial conditions of the situation. 

2. The students on an individual basis stuiiy the situation and prepare 
an ind^)endent prcposal. 

3. The students reassenble as a group to present their proposals. In 
the initial presentation, the students are to advocate their 
position. 

4. Follcwing the initial presentations, the students are to continue 
advocacy of their proposals in a debate faEdtiion. The concept of the 
oontroversy method is used to help the students further elaborate 
their positions as well as seeing possible extensions and 
alternations. 

5. The final goal of the groip session is to ^pcegaoce a cooperative 
prcposal to iiput into the simulation. This consensus is reached 
only eifter a ccnplete d^te and should represent the groip's "best" 
solution. 
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6. OhB oaofujter program will then v^date the situation aocoxding to the 
variables and oonditicns of the siaulaticn. Ihe st^ are then 
repea t ed until the ccnpletion of similaticn. 

In sumnary, oooplex probleoi sinulaticns are designed to provide a 
learning envirament in tAiich students develop and inprove higher-order 
thinking strategies by engaging in situations that require the eaoDployment of 
their kncwledge base in the service of prcblem solving, m the final section 
I present exanples of several of the slmilations developed for our research 
and later converted to software products. 

Software Exanples 

Oonplex problem sluulations vAiich were developed in Gemiary and the 
Uhited states include the following: 

^Ihe eocncnic system of a auniclpalil^ vAiich is to be inproved by the 
"town council." 

-'Ihe nicroeconcmic syston of a conpany which is to be run by a "manager." 
-Oie flood control-system within a county which is to be operated by an 
"executive." 

-The living contJitions of an Aftican tribe which should be laproved by an 
"advisor." 

-Ohe efficiency of fuel and energy consunption to meet modem-day needs. 

m each of these situations, a set of materials were prq>ared in which 
the necessary kncwledge was presented. Ihe students were taught the 
information by both teacher presentations and print materials. After all 
students had learned the necessary knowledge they were assigned to a gxxxp 
based on similarity of cognitive ccnplexity. 

Eadh of the slaulations represented dynamic sit^iations. That they 
depicted situations that, without actions from the decision-makers, would 
colle^se eifter a certain time period. For exanple, the tribe vanishes because 
of starvation, the oaapsrv goes into the red, and so forth. Each of the 
simulations stressed tiie need for decision-making and the proposals rec^iired 
solutions that Included cognitive conflicts. 

The simulations were ccnplex and longitudinal so that after each period 
of decision-making, the new status of the situation was reported to the 
students. Ihis allowed the students to test the adequacy of their most 
current conoeptualizations of the situation with the ipdated conditions, and 
usually resulted in the need for revisions. In addition, because of the open 
definitions of the situations in terms of global goals, the level of thinkinj 
remained high, preventing the mere recall of Information. 

m sunnary, the conplex problem slmiaations vftiich we have developed have 
shewn significant liiprovanents in the developnent of highez>-order thlidcing 
strategies. That is, there were measurable Increases in the cognitive 
processes of differentiation and Integration. 
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Oanclusion 

The learning principle underlining cur research prog ra m is that thinking 
strategies are aocpiired in reference to eDployment of the learner's own 
knowledge base and that they are not inief«ndent thinking skills. Our 
instructional principle is that, because cognitive ocnplexity is an ability, 
it can be developed and iufxroved with instructional intervention. 'Iherefc»:e, 
the goal of our research program is to study insbructional variables witnin the 
context of an instructlcnal systan that takes into account both the storage 
and retrieval systems of long-term maonry. Ohe lAIS envirocmiBnt provides this 
opportunity because of direct concern for both curriculum and instruction and 
for all conditions of learning. 

As this paper indicates, ccnplex probleni siaulations focus on the 
toprovegaant and developonnt of higher-ccder thinking strategiee (i.e. , problem 
solving within the context of enploying the knowledge base) . We are continuing 
research at this level while future efforts will also include direct 
investigaticns at the creativity level. We anticipate that learning activities 
at that highest level will be more directed towards increased individual 
efforts with group activities geared more at critical analysis than consensus. 

The influence of intelligence in the entire process of higher-order 
thinking is another problan area for our future research. Ife anticipate a 
high correlation between cognitive ability and intelligenoe, but perhspe will 
see other variables interacting in the cognitive prooess: such as criteria and 
values develoinait and achievanent motivation. Psychologist have long 
recognized that higher-order thirddng strategies involve more than just 
acquisition of cognitive skills, but other variables and conditions of the 
total human system. 
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